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suMMARY

Severalaspectsoftransonicflowaroundtheforwardportionsofwedge
profileswerestudiedbymeansof interferometry.Measurementsweremade
ofthetwokindsofflowpatternthatoccuratthe leadingedgeofa wedge
atanangleofattack.Thegrowthofthesupersonicregionata“s~rp
convexcornerformedby twoflatsurfaceswasalsoobserved.Thepressme
dragcoefficientofa wedgeof14.5°semianglewasmeasuredatMach
numbersof0.7%8,0.819)md0.8s4andwasshowntobe consistentwith
thoseofwedgesof smalleranglewhenplottedaccordingtothetransonic.g shilaritylaw. Conditionsatthebasesoftheshockwavesthatinteracted
withboundarylayersonthewedgeweremeasured.Themethodof character-
isticswasusedtocalculatetheflowbehindan experimentallydetermined

J sonicline,andthecalculatedflowfieldwascomparedwiththemeasured
flowfield.Theaccuracyinthelocationofthesoniclinenecessaryto
givecorrectlythepress&edistributionon
determined.

INTRODUCTION

Observationsofthecha&ethatoccurs

thesurfacebehtiditwas

intheflowpatternnearthe
leadingedgeofa symmetricalwedgeatanangleofattackgreaterthanthe
semiangleofthewedgeas thesubsonicfree-streamMachnumberisincreased
werereportedinreference1. Thisreferenceshowedthat,at thelower
subsonicMachnumbers,an extensiveregionof separatedflowoccursonthe
uppersurfaceand,at thehighermibsonicMachnumbers,theextensive
regionof separationisreplacedby supersonicflow. Inthepresent
experimentsan interferometerwasusedinorderto obtatiquanti~tive
measurementsoftheseflowfieldsinmoredetailthanwaspossibleby
othermeans.

.
Anotherobjectivewasto showthenatureoftheflowfieldata

sharpconvexcornerformedby twoflatsurfaceswhentheflowapproaching
thecorneris subsonic.1> A seriesof interferograms&s thereforetaken
oftheflowarounda modHiedwedge,orhexagonjfrom~ich ~ch number
contoursintheflowfieldwereobtainedinorderto showtheWOwthof

, thesupersonicregionat thecorneras thesubsonicfree-streamllach
numberwasincreased.

——— ——z -—— —— ————-.
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.
Fromthesameseriesof titerferogramstheflowalongthesuxface

ofthewedgeforepartofthehexagon(a14.5°semianglewedge)wasmeas-
uredto obtainMachnuiberandpressuredistributionsandpressuredrag
coefficients.Thesepressuredragcoefficientsareexpressedinterms
ofthetransonicsimilarityruleforcomparisonwithsimilardatafrom
reference2 forwedgesof mall.ersemisngles.

Datahavealsobeenobtainedontheboundaryconditionsat thebases
oftheshockwavesthatoccurredneartheleadingedgeofthesymmetrical
wedgeatanangleofattack.Theconditionsat thebasesof shockwaves
thatinteracttithturbulentandlsminarboundarylayersonthewedgeare
givenandcomparedwitheachotherandwiththoseonthecircular-arc
sectiondescribedh reference3.

Thepresentdataontheflowsaboutthewedgeandthehexagonwere
usedto detendnehowwe13thesupersonicpartofa mixedflowfieldcan
be calculatedlythemethodof characteristicsfroman experimentally.
determinedsonicline.Theflowfieldsbehindthesoniclinesthatstart
attheleadingedgeofthewedgeandat thecornetofthehexagonwere
calculatedandwerecomparedwiththoseobtainedfrom5nterferograms.
Theaccumcythatisnecessaryinthelocationofthesoniclineinorder
togivereasonableaccuracyinthecalculatedMachnmber distributionon ..

thesurfacebehindthesoniclinewasalsodetermined.

.

“ SYMBOLS

c totalchordofmodel
P - P.

CP pressurecoefficient,n

cl) pressuredrag

M Machnumber

%

coefficient,

P staticpressure

& pressuredifferenceacrossshockwave,P2 –PI

~ -c presmre, pv2/2

x coordinateindirectionof longitudinalaxisofmodel

a angleofattack

Y ratioof specificheats



NACATN2829

.

.

8 angleofdeviationofflowby shockwave

G angleof shockwave

P density

T thicknessratioofsymmetricalye~e -
.

v velocity

Subscripts:

o freestream

1 aheadof shockwave

2 behindshockwave

APPARATUS,MODEIS,ANDMETHOD

Thewindtunnelthatwasusedfortheexperiments
blow-downofdry,compressedairfroma storagetknk.
throughanautomaticpressureregulatoranda settling
througha subsonicnozzletotheatmosphere(fig.1).
bottomofthetestsectionwereopentotheatmosphere

3

wasoperatedby the
Theairpassed
chamberandthen
me topandthe
andthesideswere

closedby straightextensionsof‘h sidesof the-nozzleandcontained
windowsofoptical-qualityglass.Theheightofthetestsectionwas
4 inchesandthewidthwas~ inches;themodelcompletelyspannedthetest
section.

Onemodelwasa thinsymmetricalwedgeofwhichtheincludedangleof
theleadingedgewas60(fig.2(a)).Thechordlineofthewedgewas
placedatanangleofattackofapproximately~.~”.Theothermodelwas
a hexagonthathada totalincludedangleat theleadingedgeof29 and

‘ a chordof1.5inches(fig.2(b)).Thechordlineofthehexagonwasset
atanangleofattackofOO. Inordertoreduceboundary-interference
effectsontheuppersurface,eachmodelwasplacedbelowtiecenterline
ofthetestsectionsothatthechordlineofthemodelwas3 hchesfrom
theupperboundaryand1 inchfromthelowerboundary.

Therangeof14achnuriberwasfrom0.620to 0.933andtherangeof
Reynoldsnumberperinchofmodelchordwasfrom4 X 10~at thelowest
Machnumberto7 x 105at thehighestMachnuriber.

.
.
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Observationsweremadewitha Mach-Zehnderinterferometerthathad
.

4-tichplates.Thelightsourceutilizeda high-voltagemagnesiumspark
thathada durationof-3microsecondsanda monochromat.orto isolatethe
regionofthegreenlines.Theinterferogramswereanalyzedto obtain
densitycontoursby themethodof superposingflowandno-flowinterfero-
grams. ThedensitycontourswereconvertedtoMachnumbercontoursunder
theassumptionof constantentropy.Staticholeswereprovidedinthe
modelandinme oftheglasswindowsinorderto obtainreferencepres-
suresformakingcorrectionsintheanalysisoftheinterferograms.One
correctionwasforanychangeintheno-flowfringespacingthatmight
occurduringa test.Theotherwasfo$theeffectoftheside-wall
boun~rylayersontheoptical-pathlengthofthelightthroughthetest
section.Themethodsofmakingthesecorrectionsaredescribedinmore
detailinreference3. Bothofthesecorrectionsweremadeinallthe
resultsh thepresentpaper.As a checkonthecontoursandinorderto
detemntiethemagnitudeofrandomerrors,twointerferogramsweretaken
at eachfree-streamMachnumber.Eachoftheseinterferogramswasanalyzed
independentlyandthenthecontoursweresuperposedandcompared.The
greatestdifferencetillachnuniberat anypointontwocorresponding
interferogramswasfoundtobe 0.01orlessformostoftheinterferograms
and0.03fora fewoftheinterferograms.TherandomerrorinMachnum- P.
berwasthereforegenemllylessthan1 percent.Thesystematicerrors
werealsoesttitedandwereJudgedtobe about3 percent.

On thetiterferogramsoftheflowabouta symmetricalwedgethathad
a strongnormalshockwave,thefringesdonotextendmonotonically
throughtheregionjustaheadoftheshockwavebutbenddownsharply
somesmalldistanceaheadoftheshockwave.Thisbendingindicatesa
changeinsignofthederivativeof density.Theaveragedensityacross
thetestsectionwhichhadbeenfallinginthedirectionofflowappar-
entlybeginstoriseas theshockwaveisapproached.Thisresultis
probablya spuriouseffectthatisduetotieactionofthepressure
ticreaseacrosstheshockwaveontheboundarylayeronthesidewalls.
Theeffectwasi~oredinanalyzingthetiterferogmmsandthecontours .
wereextrapolatedthroughtheaffectedregiontotheshockwave.

o t

RESULTSANDDISCUSSION

FlowatLeadhgEdge

Theinterferogramsoftheflowabouttheleadingedgeofthesym-
metricalwedgeairfoilareshowninfigure3,togetherwiththecontours
ofconstantMachnumber.Thisseriesof interferogmmsclearlyshowsthe
phenomenonthatwasreportedinreference1. At the16werfree-stream
hlachnunbers(0.765andlessinthepresentcase)an extensiveseparated
regioni~shownontheuppersurface,andat thehigherMachnumbers
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(O.8Wandabove)theextensiveregionof separationiseliminatedfid
a supersonicregionap~earsthatcontainsan obliqueshockWve andthat
isfollowedby a nearlynormalshockwave.A numberofthingscanbe
learnedabouttheflowby a studyoffigure3. -Inthefirstplace,the
flowinthelargeseparatedregionat thelowerMachnumberscanbe
deduced.Themannerinwhichthedensityvariesinthatregioncanbe
obtainedfromtheinterferogramsinfigures3(a) and3(b). Inthesep-
aratedregionthedensityincreasesinthedownstreamdirectionata rate
ofapproximately0.7offree-streamdensityperinchandthedensityalso
increasesina verticaldirectionupwardataboptone-fourththatrate.
Becausethevelocitiesintheregionareprobablysmall(thetemperature
is thereforeprobab~closeto stagationtemperature),pressurevariations
probablycloselyapproximatedensityvariations.Theflowinthesep-
aratedregioncanthenbe reasonedtobe a vortexflow,as showninfig-
ure4(a).Alongtheinsideofthemixingzonethefluidcanflowagainst
a pressurerisebecauseoftheshearingstress.Alongthewalltheflow
reversesbecauseofthedecreasingpressureintheupstreamdirection.
At equilibrium,therateofremovaloffluidby theactionofviscosity
isequaltotherateofadditionoffluidby thereverseflowalongthe
surface.Fortheflowintheupperpartof the separatedregion,cen-
trifugalforceisbalancedby thepressurerise3ntheverticaldirection,
andfortheflowalongthewallno centrifugalforceispresent.

Figures3(a)and3(b)alsoshowthatthepressureinthemainflow,
justoutsideofandalongtheseparatedregion,isnotconstantbut
increasesfrmna valuecorrespondingtoa Machnumberofapproximately1
toa yalueclosetofree-streampressure.

Overtherangeoffree-streamllachnumbercoveredby,figure3,the
concentricfrtigepattermon thelowersurfaceofthewedgeshowsthat
thestagnationpointisonthelowersurfaceandveryclosetotheleading
edge. ‘.

Forthetypeofflowptterninfigures3(c)to3(e),theexperiments
donotdirectlysettlethequestion’ofthelocationofthesonicLineat
thesurface,buttheydoaidina discussionoftheprobablelocation.
TheMachnmibercontoursindicatestronglythatthesoniclinestarts
fromtheuppersurface.(Attheleadingedgea blurredregionappearson
theinterferograms,becauseofrefractionofthelightinthelargedensity
@adientthere,thatprecludesfollowingthecontoursallthewaytothe
surface.) As iswell-known,potentialflowarounda sharpcornermust
reachsupersonicspeeds.Iftherewerenoboundarylayer,no separation,
andtheleadingedgehadzerothiclness,thesoniclinewouldhaveto

* startonthelowersurface.Furthermore,undertheseconditionsthere .
wouldhavetobe a largeregionofcavitationontheuppersurfacesince
theflowwouldhavetoturnnearly1800,anmountthatisfarbeyond

,. themaximumpossibleangleof 1300.Thereareundoubtedly,however,
viscouseffectsthattendtoround,offthecorner,andtheconclusion

.

—-——.———--—..—- ._z ..— —— — .—.. — _ —.—
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face.Theflow
curvedsurface,
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thatthesoniclinedoesnotoriginateonthelowersur- .
aroundtheleadingedgemustthereforebe thatarounda
andtheeffectivecurvaturemustbe duetobluntnessof

theleadingedge(thethiclmessoftheleadingedgewaslessthan
0.0008inch),finitethicknessoftheboundarylayer,ora smallregion
of separation,or somecanbinationofthesefactors.Theprobable
configurationneartheleadingedgeisthatshownh figurek(b)(for
whichthedataweretakenfroma largerandmoredetailedversionof
fig.3(d)thanappearsinthispaper),whichshowsa smallseparated
regionat theleadingedge.Thisconfigurationagreeswiththatdeduced
byMr. JohnStackanddescribedbyhimat theSixthInternationalCongress
forAppliedMechanicsatParisinSeptember1946..

Theobliqueandthenormalshockwavesonthewedgeandthefamiliar
lambdashockwavethatoccursoncurvedairfoilsformthesamegeneral
kindof shock-wavepattern.It isinterestingtonote,however,thatthe
obliqueshockwaveonthewedgeiscausedby reattachmentoftheflow
whereastheforwardlegofthelambdashockwaveona curvedsurfaceis
causedby separationoftheflow.

Intheschlierenphotographsofreference1,twoshockwavesorigi-
nateat theleadingedge.In thepresentexperimentswithdryairthere .

isonlyoneshockwave.Theextrashockwaveh reference1 waspossibly
dueto condensationof

Theslipline(or
andthe“normal”shock
3(d).

watervapor.

vortexsheet)behindthejunctureoftheoblique
wavescanbe clearlyseeninfigures3(c)and

●

FlowAroundCorner

Theinterferogramsoftheflowaboutthehexagonalsectionare
showninfigure~,togetherwiththecontoursofconstantMachnumber
thatarederivedfromanalysisoftheinterferograms.(Machnumber
contoursarenotshownforthetwotiterferogramstakenat thehigher
free-streamMachnumbersbecausetheshockwaveprobablyreachedthe
jetboundaryandthequantitativeeffectoftheboundaryontheflow
fieldunderthatconditionisnotknown.) Thegrowthofthesupersonic
regionat thecornercaneasilybe observedInfigure5 (whichis similar
tofig.9 ofref.2). At a free-streamMachnuniberof0.620(fig.~(a)),
no supersoniczoneat thecornerisapparent.At thenexthigherspeed
(fig.~(b)),thereisa smallsupersoniczonefollowedby a small,weak
shockwave.As thefree-streamMachmmiberisincreasedfurther,the
supersonicregionincreasesinsizeandisfollowedby a shockwavethat
isnearlynomal overmostof itslength.At thehigherMachnunibers
theshockwaveisnota truelambdashockwave,sincethelineonthe
interferogramsthatbeginsnearthecornerandthatmightbe takento

.

——. — . —
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theforwardlegofa Lambdashockwaveisactuallyonlytheendof
expansionregionandthebeginrdngofa compressionregion.

MethodofCharacteristics

Thesoniclinesobtainedfromoneoftheinterferogramsoftheflow
aboutthewedgeandfromoneoftheflowaboutthehexagonwereusedto
determinehowwelltheflowfield,andparticularlytheMachnumberdis-
tributionsonthesurface,betweenthesonicltieandthemainshockwave
couldbe calculatedby themethodofcharacteristics.Thecalculations
weremadewitha miwlmumamountofgiveninformation,whichconsistedof
thelocationofthesonicline,thelocationofthesurface,andthe
amountofturningoftheflowata corner.Thecalculatedflowfield
andsurfacedistributionwerethencomparedwiththoseobtainedfromthe
interferogram.Theamountoferrorthatcouldbetoleratedb thelocation
ofthesoniclinewithoutobtainingveryinaccuratesurfacedistributions
wasindicatedby thesecalculations.

Wedge.- Forthecalculationoftheflowaboutthewedge,thelocation
ofthesoniclineasgivenby figure3(e)wasused.Becausethesizeof
thebubbleof separatedflowwasunknownandalsoverysmall,itsexist-
encewasnotMen intoaccount.Thesoniclineandobliqueshockwave
were-wn tomeetthesurfaceat thesamepoint,andtheflowwasassumed
toturnthrougha centeredexpansionbetweenthesoniclineandtheshock
wave.Thesurfaceofthewedgewasassumedtobe theapparentouteredge
oftheboundarylayerintheinterfere-. Thelattice-pointmethodof
characteristicswasused;a characteristicwasdrawnforeachO.sO
turningoftheflow;a largescaleof ~0 t-s actualsizewasusedin
theconstructionoftheinitialportionofthenetwork;-d second-order
effects(thecuspsofthecharacteristicsatthesoniclineandreflections
fromtheobliqueshockwave)wereneglected.Theresultingnetworkof
characteristics,withmanyofthecharacteristicsthatoriginatenear
theleadingedgeomittedbecauseofthem.uallscaleofthefigure,is
showninfigure6. Forcomparison,thecontoursareshownonwhichthe
Machnumberis1.3% thatwereobtatiedbythemethodofcharacteristics
andby analysisofthetiterferogrsm.Theagreementbetweentheresults
ofthetwomethodsisreasonablygood. (Thedisagreementamountsto4
percentorlesstiMachnuniber.)Themethodof characteristicshas,
therefore,beenshowntobe capableofgivingtheflowfieldinfrontof
theobliqueshockwavereasonablyaccur&telyfromonlythemintiuminfor-
mationofthelocationofthesoniclineandtheamountofturntig.

Inthiscasethemethodof characteristicsalsogivestheflowalong
thesurfaceaccurately.TheMachnumberdistributionsalongthesurface
betweentheobliqueshockwaveandthenormalshockwaveareshownin
figure7. Theagreementisexcellent;thetwodistributionsagreewithin
one-halfofonepercent.

—-- . .— _ .—.—.— .— -——
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Hexagon.- Theflowbehindthesonicltieatthefirstcorneronthe
he=gonwasalsocalculatedby themethodofcharacteristics.Thegiven
informationforthecalculatio~wasthesoniclinefromfigure~(e)and
thetwostraightlinesthatfozmthecorner.Becausethe”cornerappears
tobe roundedoffby theboundarylayer,thecornerwasrepresentedbyan
arcofa circlethatwastangentat eachendtothelinesthatformed
thecorner.Overthefirsthalfofthecirculararc,expansionswere
startedatthesurfaceat titervalsof1/4°ofturningofthesurface,
andovertheotherhalfat intervalsof1/2°.Someofthecharacteristics
areshownb thenetworkoffigure8.

. Forthepurposeof comparingtheresultsofthemethodofcharac-
teristicswiththeanalysisoftheinterferogram,thecontouronwhichthe
Machnumberwas1.314wasobtainedbybothmethods.Thetwocohtoursare
shownh figure8 andareseentobe inreasomblycloseproximityto
eachother.Fortheflowalongthehorizontalsurfaceofthehexagon,
behindthefirstcorner,theMachnuder distributionsgivenby thetwo
methodsareshownby thesolidcurvesoffigure9. Theagreementisnot
good.At 0.6chord,forexample,themethodof characteristicsgivesa
Machnumberof1.34,whereasthetiterferogramgivesa Machnuder of
1.26. T%is6-percent~ferencein~ch nuibersmountstoa 9-Percent
differenceinpressure.Anothercalculationwasthereforemadeby the
methodof characteristicstodeterminewhetherthedifferenceinMach●

numberdistributiononthesurfaceshowninfigure9 couldbe attributed
touncertaintyinthelocationofthesoniclineduetoerrorsinthe
analysisoftheIn.terferogram.Thesystematicerrorsh theanalysisof
theinterferogramhadbeenesthatedtobe~3 percent.Thesonicline
wasthereforethoughttoliebetweenthelimitsthattheanalysishad
givenasthecontourofMachnuniber0.97andthecontourofMachnumber “
1.03. The1.03contouxwasthenassumedtobe thesoniclineandthe
calculationby themethodofcharacteristicswasrepeatedforthenewsonic
line.A revisedsurfacedistributionofMachnumberwasthusobtainedand
isshownbythedashedcurveinfigure9. ThesurfaceMachnunibersgiven
by theinterferogramweredecreasedby0.03andarealsoshowninfigure9.
Thetworeviseddistributionsagreeverywell.Thus,an errorinthe
locationofthesoniclineamountingto 3 percenttiMachnumbercauses
errorsh thesurfacepressuredistributioncalculatedby themethodof
characteristicsthatareprobablytoolargetobe tolerable.Forthe
methodof characteristicstobe usedforcalculatingthepressuredis-
tributionaccurately,thelocationofthesoniclinemustapparentlybe
Jmowntowithinabout1 percent.-

.4

In orderto calculatetheeffectofalterationsinthecontourofan
airfoilbehindthesonicline(forexample,h ordertofindan optimum
contour),themethodof characteristicscanbe used.Thelocationofthe
soniclinefortheorighalcontour&anbe determinedexperimentallyand
thelocationcanbe checkedandcorrectedaswasdonehere.Thencalcu-
lationstogivepressuredistributionswhenalterationsaremadeinthe

.
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contour(behindthesonicline) canthenbemadeby themethodof char-
acteristicswithouttheneedforadditionaltestsonthealteredcontours.

‘DragCoefficientofWedgeof14.5°Sedangle

Thepressuredragcoefficientofthewedgeforepartof thehexagon
wasobtainedfromtheinterferograms.First,thecontoursoffigure5
wereusedforplottinginfigure10 theMachnumberdistributionsbetween
theleadingedgeandthefirstcorner.TheMachnumberdistributionssxe
convertedintopressuredistributionsinfigureIl.

Thepressuredragcoefficientsforthewedgeforepartofthehexagon
(forzeroangleofattackofthechordlineandbasedontheassmnption
offree-streampressureonthebaseofthewedge)werethenobtainedby
integrationofthepressmedistributions.(Thedragcoefficientscould
notbe accuratelyobtainedat thethreelowerMachnumbers,however,
partlybecausethesensitivityoftheinterferometerisnotsogreatat
thelowerMachnumbersas itisat thehigheronesbutmostlybecause
thedragcoefficientis‘obtainedas thesmalldifferencebetweentwo
largequantitiesat thelowerhlachnumbersbutas thedifferencebetween
a largeanda smallquantityat thehigherMachnumbers.)Thedragcoef-
ficientsat thethreehigherMachnunbersareexpressedaccordingtothe
transonicsimilaritylaws(forexample,ref.4)andvaluesoftheparame-

M2-1y + 1 CD areplotteda~instter — infigure12. (The
~5/3 ~y + 1)32/3

quantityT isthethicknessratioo–fthesymmetricalwedgethatwould
be formedbyeliminatingthemiddleportionofthehexagonandjoining
thewedgeforepartandthewedgeafterpart.)Theotherdatiof figure12
weretakenfromfigure13ofreference2 andshowthevariationofdrag
coefficientofttieewedgesof smallerangle(4.5°,7.5°and10°semi-
angle)thanthewedgetestedinthepresentexperiments(14.7semi-
angle). Thepresentresultsareseentobe consistentwiththosefor
wedgesof smallerangle.

ConditionsatBasesofShockWaves

Inreference3 boundaryconditionsat thebasesof shockwavesthat
interactedwitha tmbulentboundarylayerona circular-arcsectionwere
investigated.As a conttiuationof thatwurk,boundaryconditionsonthe
shockwavesonthewedgehavebeendetermined.Eachoffigures3(c),
3(d),and3(e)showstwoshockwavesneartheleadingedgeof thewedge,
thefirstofwhichinteractswitha laminarbountirylayerandthesecond
witha turbulentboundarylayer.Thus,comparisonscanbemadebetween
theconditionsat theinteractionofa shockwavewitha turbulent
boundarylayeronthecircular-arcsectionandonthewedgeandalso
betweentheconditionsat theinteractionoftheshockwavewithboth

— ..—..— ——- –——- . — .— ——-
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a laminarboundarylayeranda turbulentboundarylayeronthewedge.
Theconditionsat thebasesoftheshockwavesonthewedgeareshownin
tableI. ThedensitiesPI and P2 weretakenfromtheinterferograms.
TheMachmmiberMl wasd~terminedfrcm pl and M.. Theobserved
shock-waveangle e wasmeasuredontheinterferogam.Thecalculated
shock-waveangle c wascalculatedfromthemeasuredvaluesof P2/Pl
and Ml. The“pressureratiowascalculatedfromthedensityratio,~d

-@/qI wascalculatedfromtheeqyation.
.

~2 ~—.
Ap_%
~–~M2

21

Withintheltiitsoftheaccuracyofthetests,bo~ P2/Pl=d AP/ql
areconstantforeachtypeofboundarylayerovertherangeofvariables
coveredby thetests.Therangeofvariablesis,however,small..

Intheinvestigationreportedinreference3 oftheinteractionof
a shockwavewitha turbulentboundarylayerona circular-arcairfoil,
thevalueof p2/plW=I fomd to be -s-tally the =-y 1642 aS the

valueobtainedinthepresentcaseforthenormalshockwave.Thevalue
of AP/ql forthecirctir-arcsectionwasapproximately0.3and,h the
presentcase,isapproximately0.4. kheequilibriaconditionat thebase
ofa shockwaveundoubtedlydependsontheReynoIdsnumberoftheboundary
layer,buttherangecoveredby thetestsiStoo.sma~ to showdeffiitely
theeffectofReynoldsnuniber.

Theintensityoftheshockwavethatisinequilibriawiththe
lamharboundarylayeris seentobe muchlessthanthatoftheshock
wavethatisinequilibriumwiththeturbulentboundarylayer.Thevalue
of Ap/ql whentheboundarylayerislaminarisonlyabout5 percentas
largeas–whenthebountirylayeristurbulent.

at
Thetwo typesof

an angleofattack

CONCLUDINGREMARKS

flowconfigurationattheleading
~eaterthanthesemiangleof the

observedwithan interferometer.

Thesupersonicregionat thecornerona hexagonal

edgeofa wedge
wedgewere

profilewas
observedandMachnumbercontoursintheflowfieldwereobtained.These
datamaybe ofvalueinfutureeffortsto calculatetheoreticallythe

. .. ——— ——.
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flowfields.Thepressuredragcoefficientofthewedgeforepartofthe
hexagonof14.50semiangle,whichwasmeasuredatlhchnumbersfrom0.768
to0.854,wasfoundtobe consistentwiththoseofwedgesof smaller
angleswhenplottedM termsofthetransonicsimilarityparameters.

Itwasdemonstratedthattheflowfieldsbetweenthesonic.lineand
,theobliqueshockwaveonthehexagonandthewedgecouldbe calculated
ratheraccuratelyby themethodofcharacteristicsifthelocusofthe
soniclineandthegeometryofthesurfaceweregiven.Itwasalsoshown
thatthelocationofthesoniclinemustbe knowntowithinabout1 per-
cent(inMachnumber)forthecalculationto givethepressuredistri-
butiononthesurfacebehindthesoniclineaccurately.

Theconditionsat thebasesof shockwavesthatinteractedwith
boundarylayersona wedgeweredetermined.Theratioofthepres~e
clifferenceacrosstheshockwavetothedynamicpressuxeaheadofthe
shockwave &/ql wasfoundtohavea valueofabout0.4whenthe
bounda~layerwasturbulentandabout0.02whentheboundarylayerwas
lami.nar. “

LangleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

IangleyField,Vs.,September18,1952
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TABLEI.-CONDITIONSIFTEASESOFSHOCKWAV13SONWEDGES

Figure ~ ‘2 Ml ~(observed),~(calculated),% @
q deg deg ‘ q ~1

Laminarbounda~layer(Obliqueshockwave)

3(c) 0.812 1.0281.60 -- 39.5 1.ok5 0.025
3(d) .854 1.0261.55 -- 41 1.036 .021
3(e) .894 1.0241.57 -- 40 1.034 .020

Turbulentboundarylayer(“Normal”shockwave)

3(c) 0.812 1.2851.21 74 75 1.43 0.42
3(d) .854 1.26 1.20 78 74 1.38 .38
3(e) .894 1.28 1.22 90 73 1.42 .40
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Figure6.- Characteristicnetworkforflowaboutleadingedgeofwedge.
a= 5.5°;M. = 0.894.
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Figure8.- Characteristicnetworkforfluwaroundhexagon.M. = 0.819.
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